lack of Rif activity against eukaryotic RNAPs.
A plate assay (see Experimental Procedures) showed
RNAPs responded the same way, with an increase in the production of the trimeric product and a concurrent that Taq cells were unable to grow on media supplemented with 50 g/ml Rif (data not shown). For in vitro precipitous drop in the production of the long transcripts ( Figure 2a ). studies, Taq RNAP holoenzyme was reconstituted using Taq core RNAP (purified from Taq cells; Zhang et al., Mustaev et al. (1994) used chimeric Rif-nucleotide compounds to measure the distance between the initiat-1999) and recombinant Taq A (overexpressed and purified from E. coli; Minakhin et al., 2001b). The enzyme ing nucleotide binding site (the i-site) and the Rif binding site. By varying the linker between the Rif and the nucleinitiated, elongated, and terminated transcripts efficiently from a template containing the T7A1 promoter otide and testing for maximal transcription initiation activity, the optimal length was found that allowed binding and the tR2 intrinsic terminator (Figure 2a ; Nudler et al., 1994) at 37ЊC using the dinucleotide CpA as the initiating of each moiety in its respective site. This experiment was used to compare the disposition of the Rif and primer. The major RNA products, a trimeric abortive transcript (CpApU), a 105 nt terminated transcript i-sites in E. coli and Taq RNAP. In both cases, optimal initiation activity was observed when the linker com-(Term), and a 127 nt runoff transcript (Run off), were the same as those produced by E. coli RNAP (Figure 2a , prised five (CH 2 ) groups (Figure 2b ). Thus, in spite of the fact that Taq RNAP requires a 100-fold higher concenlanes 1 and 8 1-7) and E. coli (lanes 8-13) RNAP holoenzymes transcribing a template containing the T7 A1 promoter and the tR2 terminator, analyzed on a 15% polyacrylamide gel and quantitated by phosphorimagery. In the absence of Rif (lanes 1 and 8), the major RNA products from each RNAP correspond to a trimeric abortive product (CpApU), a 105 nt terminated transcript (Term), and a 127 nt runoff transcript (Run off). Lanes 2-7 and 9-13 show the effects of increasing concentrations of Rif. The quantitated results are shown on the right, where the amounts of each product (normalized to 100% for the Run off and Term transcripts in the absence of Rif, and for CpApU at the highest concentration of Rif) are plotted as a function of Rif concentration. (b) The distance between the bound Rif and the initiating substrate (i-site) of E. coli and Taq RNAP holoenzymes was measured using chimeric Rif-nucleotide compounds as previously described (Mustaev et al., 1994) . Rif-nucleotide compounds (Rif-(CH 2 ) n -Ap) with different linker lengths, n (indicated above each lane), were bound to RNAP, then extended in a specific transcription reaction with ␣-[ the sequence-dependent extension of RNA by one nucleotide (radioactively labeled CTP) was assayed at It can be seen that the two substrate nucleotides, at ϩ1 (green) and Ϫ1, are not directly affected by the room temperature. In the case of E. coli core RNAP in the absence of Rif, the RNA transcript was extended presence of Rif, so that RNAP can bind and catalyze the formation of a phosphodiester bond between the with nearly equal efficiency regardless of its length within a range of 3-7 nt (Figure 6b, lanes 11-15) . When two substrates in the presence of the antibiotic. With a Rif was added prior to the nucleotide scaffold, the RNAP sion of the shortest transcripts was barely detectable, suggesting that, unlike E. coli RNAP, Taq core RNAP was unable to extend any of the RNA oligos, regardless of length (lanes 1-5), indicating that Rif occupied its site does not bind and stabilize the short, intrinsically unstable RNA/DNA hybrids. In the presence of Rif, a generaland blocked the extension and/or binding of all of the transcripts. When the scaffold was added prior to Rif ized inhibition of transcript extension was observed regardless of the order of addition or of the transcript addition, Rif was able to occupy its site and block the extension of the 3 nt transcript (lane 6), but had no effect length (lanes 16-25). We explain these results by the low binding affinity of Taq core RNAP for both Rif and on the extension of the longer transcripts (lanes 7-10), presumably because Rif could not access its binding for short RNA transcripts compared with E. coli core RNAP. The low affinities imply fast off rates, which would site blocked by the longer RNA transcripts (Figure 6a) . These results are consistent with the early data that allow equilibrium to be established between the Rif and scaffold binding during the time of the assay. Rif inhibits the RNA extension from 2 to 3 nt if the 5Ј nucleoside is tri-phosphorylated, but inhibits extension from 3 to 4 nt if the 5Ј nucleoside is mono-or di-phosDiscussion phorylated (McClure and Cech, 1978) since the synthetic RNA oligos lack 5Ј phosphates. In summary, we have shown that, although Taq RNAP is relatively insensitive to Rif, at sufficiently high concenSimilar experiments were performed with Taq core RNAP (Figure 6b, lanes 16-30) . In the absence of Rif, trations, the antibiotic binds and inhibits the enzyme. Inhibition of Taq RNAP occurs through the same biothe efficiency of transcript extension was strongly dependent on the transcript length (lanes 26-30) . Extenchemical mechanism as E. coli RNAP, and the disposi-tion of the Rif site with respect to the active site is identical to E. coli RNAP and presumably other prokaryotic RNAPs (Figure 2) . We determined the 3.3 Å X-ray crystal structure of Taq incremental improvements, may be futile in the long run
